Abstract Yes-associated protein (YAP) is a well characterized transcriptional coactivator that interacts with various transcription factors and modulates their transcriptional activities. Phosphorylation of YAP by specific kinases regulates its cellular distribution and transcriptional activation functions. Sequestration of phosphorylated YAP in cytoplasm results in the reduction of transcription from its target genes. Since, YAP has been characterized as a coactivator of estrogen (ER) and progesterone (PR) receptors, we examined the immunohistochemical expression profile of YAP and correlation of YAP expression with that of ER and PR in normal (40 samples) and tumor breast (226 samples) from microarray tissue samples using immunohistochemistry. Here we show that YAP expression is significantly reduced in invasive carcinoma samples compared to normal breast tissues, which express high levels of YAP (YAP was positive for 45.1% of invasive carcinoma samples versus 82.5% of normal samples P \ 0.0001). Furthermore, the data shows that reduced expression of YAP in invasive carcinoma samples is significantly associated with ER negativity (YAP was negative for 59.9% in ER negative versus 38.9% in ER positive invasive carcinoma samples, P = 0.007) and PR negativity (YAP was negative for 60.1% in PR negative versus 28.9% in PR positive, P = 0.0004). Among invasive carcinoma samples, 42.9% were YAP, ER, and PR negative, whereas only 7.5% were found to be YAP, ER, and PR positive. On the contrary, 20 out of 23 (87%) normal breast tissues that were positive for ER and PR were also positive for YAP. These data suggest that YAP may act as a tumor suppressor in invasive breast carcinomas and it can also be used as a molecular marker for ER and PR negative breast tumors.
Introduction
Yes-associated protein (YAP) is a 65 kDa proline rich phosphoprotein that contains the ''WW domain'' and an activation domain, among other domains [1] [2] [3] . The activation domain of YAP is similar to the virion protein 16 (VP16) of herpes simplex virus type I activation domain [4] . It is a well characterized transcriptional coactivator that interacts with various transcription factors and modulates their transcriptional activities [5] . Phosphorylation of YAP by specific kinases regulates its cellular distribution and transcriptional activation functions. Akt-dependent phosphorylation of YAP at serine 127 leads to the nuclear export of YAP via its interaction with 14-3-3 [6] . This results in the sequestration of YAP in the cytoplasm, thereby reducing its ability to function as a coactivator.
YAP was originally identified as a protein binding to the SH3 domain of the Yes proto-oncogene product that belongs to the src family of protein-tyrosine kinases [1] . The gene for YAP is located on 11q22-23. It has been suggested that the 11q22-23 region is associated with both gene amplification and loss of heterozygosity (LOH) in breast cancers [7, 8] . Furthermore, it has been shown that YAP binds to the p53 family member p73 and increase the ability of p73 to induce apoptosis in response to DNA-damage suggesting that YAP may act as a tumor suppressor by activating apoptotic pathway [9] . On the contrary, other studies have suggested that YAP may act as an oncogene by stimulating cell proliferation [10] . YAP is frequently amplified in breast cancers. Furthermore, overexpression of YAP in human nontransformed mammary epithelial cells results in phenotypic alterations that are hallmarks of tumorigenic transformation [7] . To add to the confusion, one study suggests that YAP expression is decreased in breast cancer [11, 12] , whereas another study suggests that YAP expression is increased in breast cancers [8] . In light of these contradictory findings, we decided to examine the expression profile of YAP in breast cancers and to resolve the inconsistencies regarding the role and the clinical significance of YAP in breast tumorigenesis.
The process of breast tumorigenesis is thought to result from a ''benign to malignant'' progression in which the accumulation of multiple genetic changes allows evolution from normal breast epithelium through benign proliferative lesions to atypical proliferation lesions, and then to carcinoma in situ and frankly invasive tumors [13, 14] . The lesions associated with the greatest risk of invasive breast cancer are hyperplasia of usual type, atypical ductal hyperplasia, ductal carcinoma in situ, and lobular carcinoma in situ [13, 14] . Clinical and epidemiological evidence suggest that estrogen (ER) and progesterone (PR) receptors are involved in human mammary gland development and tumorigenesis [15, 16] . Based on ER status, breast cancers are characterized as either ER positive (ER?) or as ER negative (ER-) [17] . The presence of ER is associated with a better prognosis both in terms of increased disease-free survival and overall survival, and predicts for response to hormonal therapies such as tamoxifen. On the other hand, absence of ER is associated with a worse prognosis than ER positive cancers and they do not respond to antiestrogens [18] [19] [20] [21] . We decided to examine the association of YAP with that of ER and PR in breast cancer, since, as of today, their relation is unknown.
In this report, we show that YAP immunohistochemical expression is significantly reduced in invasive carcinomas (IC) as compared to normal breast tissues. Furthermore, we show that in invasive carcinoma samples, YAP negativity is correlated with ER and PR negativity and, correspondingly, in normal breast tissues. Taken together, the data suggest a strong association of YAP positivity when ER and PR are both positive in normal breast tissues, and YAP negativity when ER and PR are both negative in invasive carcinoma tissues.
Methods
We have analyzed 226 invasive breast carcinoma microarray samples from 226 patients by immunohistochemistry to assess the expression patterns of ER, PR, and YAP. As controls, we have included 40 normal breast tissues in this study. This study was approved by the University of Miami IRB review committee.
Tissue microarrays
Tissue Microarrays were purchased from IMGENEX (San Diego, CA) (IMH-371, IMH364, and IMT-01320). Sections were 4-5 lm thick and paraffin coated to prevent sample oxidization. There were a total of 226 invasive breast carcinoma samples along with 40 normal breast tissues.
Antibodies
Primary antibodies used for immunohistochemistry were as ER monoclonal antibody (6F11) from Novocastra Lab, PR polyclonal antibody (A0098) from Dakocytomation, and YAP polyclonal antibody (H-125) from Santa Cruz biotechnology, Inc. YAP polyclonal antibody (4912) from Cell Signaling and Histone H3 antibody from Millipore. The following dilutions of the antibodies were used in this study: ER (6F11) 1:50, PR (A0098) 1:250, and YAP (H-125) 1:500 YAP (4912) 1:100 and H3 1:100. These dilutions were selected on the basis of 20-40% cellular expression of specific proteins, respectively. Biotinylated secondary antibodies were used, respectively, as mouse monoclonal and rabbit polyclonal were purchased from Vector Labs. All antibodies were diluted in 5% normal goat serum (Vector Labs, Burlington, CA).
Hematoxylin and eosin (H&E) staining
Tissue microarray slides were de-waxed by placing them in incubator at 60°C for 1 h and de-paraffinized them with xylene followed by successive rehydration using 100, 95, and 80% ethanol, respectively, as recommend by the manufacturer. The slides were rinsed in distilled water. The tissues were then stained with hematoxylin for 3-5 s. Slides were rinsed in distilled water followed by tap water. The slides were then dipped in acid ethanol and rinsed with tap water followed by distilled water. Excess water from the slides were blotted and stained with eosin for 30 s. The slides were dehydrated immediately using 95 and 100% ethanol and xylene. The cover slips were placed on the slides using permount.
Immunohistochemistry staining
Tissue microarray slides were de-waxed and rehydrated as recommend by the manufacturer. Antigen was retrieved by boiling slides in antigen unmasking buffer (Citrate buffer pH 6.0, Vector Labs) diluted (1:100 in dH 2 O), in a microwave oven for 10 min. Then slides were allowed to cool down for 30 min. Endogenous peroxidase activity was quenched by incubation of sections in 1% hydrogen peroxide in Methanol at room temperature for 30 min. The remaining of the protocol was performed in humidified chamber. Nonspecific immunoreactivity was blocked by incubating the slides with 10% normal goat serum in 19 PBS (phosphate buffer saline) for 1 h. Slides were then incubated with the primary antibodies (diluted in 5% goat serum), overnight at 4°C, washed the slides thrice, with of 0.05% 19 PBST (Tween, phosphate buffer saline) for 10 min/wash (10 9 3) at room temperature in PBS, and incubated with the appropriate Biotinylated secondary antibody (diluted in 5% goat serum). Avidin-biotin immunoperoxidase technique was used for detection of antigen-antibody complex (VECTASTAIN Elite ABC Kit and DAB Substrate Kit, 3,3 0 -diaminobenzidine Vector Labs. Burlington, CA). Slides were washed with distilled running water for 10 min and stained the slides with Hematoxylin (counter-stain), for 3-5 s, and washed them quickly. (Hematoxylin QS H-3404 Vector Labs Inc., Burlington). Slides were washed with running water for 10 min. The slides were dehydrated successively in 70, 95, and 100% ethanol (2 min each) then in xylene for three times, each for 5 min. Slides were mounted with Permount mounting medium (Fisher) and cover slips were applied.
Analysis of expression and tumor pathology ER and PR are present in normal breast samples and form a useful internal positive control. ER focal expression was taken as control for other sections on the same array to insure the quality of tissue. Histological diagnosis were used to assess sections as invasive carcinoma and normal breast by analyzing sections stained with hematoxylin and eosin from representative tissue microarrays. The levels of cellular expression of ER, PR, and YAP were examined by a breast pathologist, masked to pathology status, outcomes and without knowledge of other immunostaining results from the sample slides data provided by the manufacturing company. Expression intensity was scored as negative (if absent), low, moderate, or high.
Statistical analysis
Associations between each tested stained protein and tissue type were examined using the v 2 (chi-square) test or the Fisher's exact test, as appropriate. Similar analyses were conducted for associations between proteins within tissue type. P value of 0.05 was considered statistically significant. It was assumed that protein expression depends only on tissue type. Analyses were performed using SAS 9.2 statistical software package (SAS Institute, Inc., USA, 2010).
Results
Immunohistochemical expression analysis of YAP in normal breast tissues and invasive breast carcinomas YAP is a transcriptional coactivator and it regulates the transactivation functions of various transcription factors including ER and PR [22] . Previously, the expression of YAP has been studied in breast cancers but the published data is not consistent. One study suggests that YAP expression is decreased in breast cancer, whereas another study suggests that YAP expression is increased in breast cancers [7, 12, 23] . Furthermore, the relationship between YAP, ER, and PR expression is not known yet. In order to resolve the inconsistency in the expression profile of YAP and to relate YAP expression profile with that of ER and PR, we examined the expression profile of YAP by immunohistochemistry in invasive carcinoma breast tissues (n = 226) and compared it with normal breast tissues (n = 40) (Fig. 1) . YAP expression intensity was scored as negative (if absent), low, moderate, or high. We found focal expression of YAP in 33 (82.5%) normal tissues (Table 1 ). In 17 out of 40 (42.5%) normal breast tissue samples, YAP expression was nuclear, whereas, in 15 (37.5%) normal breast samples, YAP was expressed in cytoplasm. Only in one sample (2.5%) YAP was expressed in both cytoplasm and nucleus. The breast samples exhibited strong expression of YAP in basal cells, (Fig. 1) . Out of 226 invasive carcinoma samples, 173 (76.5%) invasive carcinoma samples exhibited either low levels of YAP expression or no expression. Whereas, 53 (23.5%) invasive carcinoma samples express moderate to high levels of YAP. Among YAP positive invasive carcinoma tumors, 60 (26.5%) tumor samples exhibited nuclear staining, 34 (15%) tumor samples exhibited cytoplasmic staining and 8 (3.5%) tumors exhibited both nuclear and cytoplasmic staining. 124 (54.9%) invasive carcinoma samples were negative for YAP expression (Table 1 and Fig. 1) . In order to further confirm and to eliminate the possibility that YAP negativity in invasive carcinoma samples is not due to antibody artifact, we utilized another YAP antibody which recognizes different epitope of YAP in the immunohistochemistry assays. The results were identical with both antibodies (Fig. 1) . To further validate the negativity of YAP and to confirm that it is not artifact of tissue fixation, we stained few tissue samples with histone (H3) antibody as controls. Histone, H3 antibody was able to stain all the tested tissues suggesting that negative staining for YAP is not due to issues with tissue preparation (Fig. 1) . Taken together, the data suggest that YAP expression is significantly associated with tissue type. YAP is significantly less expressed in invasive carcinoma tumors if compared with normal breast tissue. (YAP positivity 45.1 versus 82.5%, respectively, P \ 0.0001, Table 1 ).
Immunohistochemical expression analysis of ER and PR in normal breast tissues and invasive breast carcinomas in conjunction to analysis of YAP expression
Since YAP is a coactivator of ER and PR [22] , after establishing the expression profile of YAP in invasive carcinoma tumors, we wanted to examine the expression profile of ER and PR in normal breast tissues and invasive carcinoma tumors. All the samples previously analyzed for YAP expression were now analyzed also for ER and PR expression. Out of 226 invasive carcinoma samples, 172 (76.1%) were ER negative while 54 (23.9%) were ER positive ( Table 2) . In contrast, all of the normal samples (100%) were ER positive (Table 2 and Fig. 2a) . ER is present in normal breast samples and can therefore be used as internal positive control, to insure the quality of the sections. The proportion of ER negative breast cancers was Table 2) .
Since it has been shown that PR is an ER-responsive gene [24] , we set out to examine the expression profile of PR in these human breast tissues. The data suggest that 188 (83.2%) invasive carcinoma samples were PR negative while 38 (16.8%) were PR positive. In contrast, 17 (42.5%) normal breast samples were PR negative while 23 (57.5%) were PR positive. The proportion of PR negative breast cancers was significantly higher in invasive carcinoma compared to tissues without diseases (P \ 0.0001). Overall, ER negativity and PR negativity was significantly associated with IC, if compared to normal breast tissues (76.1 vs. 0%, P \ 0.0001) and (83.2 vs. 42.5%, P \ 0.0001), respectively (Fig. 2b, Table 2 ).
Correlation of YAP expression with ER and PR status in invasive carcinoma breast cancers
In order to examine the association of YAP with ER status in breast cancer, we analyzed the YAP status (negativity or positivity), in relation to ER status both in IC and normal breast samples. Among 172 (76.1%) ER negative invasive carcinoma samples, 103 (59.9%) were YAP negative; in contrast, among 54 (23.9%) ER positive invasive carcinoma samples, 21 (38.9%) were YAP negative ( Table 3) . The YAP negativity difference in IC, 59.9 versus 38.8%, was statistically significant at P = 0.007. On the contrary, normal breast tissues were more likely to be YAP positive (82.5% YAP positive). Overall, our data show that in invasive carcinoma samples, YAP negativity is associated with ER negativity.
A similar analysis was carried out to examine the association of YAP with PR status in breast cancer. Among 188 (83.2%) PR negative invasive carcinoma samples, 113 (60.1%) were YAP negative; in contrast, among 38 (16.8%) PR positive invasive carcinoma samples, 11 (28.9%) were YAP negative. The YAP negativity difference in invasive carcinoma, 60.1 versus 28.9%, was statistically significant at P = 0.0004 (Table 3) . Again, and as expected, normal breast tissues were more likely to be YAP positive (82.5% YAP positive). However, there was no significant association between PR negativity and YAP negativity in normal breast tissues (YAP negativity 13% in PR negative vs. 23.5% in PR positive, P = 0.432). The data show that in invasive carcinoma samples, YAP negativity is associated, as ER negativity, with PR negativity.
Correlation among the three proteins in invasive carcinoma breast cancers Finally, we examined the association of YAP with ER and PR simultaneously (Table 4 , Fig. 3 ). Among invasive carcinoma samples, 97 (42.9%) samples were triple negative for ER, PR, and YAP, and 17 (7.5%) were triple positive for ER, PR, and YAP. 59 (26.1%) were ER and PR negative and YAP positive and 5 (2.2%) were ER and PR positive and YAP negative. Triple negative status for ER, PR and YAP is significantly associated with invasive carcinoma (P \ 0.0001) (not shown). Overall, the data suggest a strong correlation of ER and PR expression with YAP expression in normal breast tissues and, vice versa, 
Discussion
Coactivators are proteins that modulate the functions of activators (or transcription factor), as steroid hormone receptors including that of ER and PR [25, 26] . In the specific case of ER and PR coactivators, they are also involved in mammary gland development and breast tumorigenesis [15] . YAP has been characterized as a coactivator of several transcription factors including p73 [9] . In addition, YAP has been shown to be involved both in apoptotic and proliferation pathways [27] . YAP gene has been shown to be located on a locus which is associated with both gene amplification and LOH in breast cancers. One study suggests that YAP expression is decreased in breast cancer and based on these data it has been suggested that YAP may act as a tumor suppressor [12] . In contrast, another study suggests that YAP may act as an oncoprotein in breast cancer and this conclusion was drawn based on the observation that YAP expression is increased in certain breast cancers [7, 10, 23] . In order to clarify these discrepancies, we initially examined the expression of YAP in normal breast tissues and invasive carcinoma's of the breast. Then, we compared the expression profile of YAP between normal and tumor tissues. The data suggest that YAP expression is significantly reduced in invasive breast carcinomas compared to normal breast tissues. Therefore, lost or reduced expression of YAP can be utilized as a molecular marker for staging of breast cancer. On a speculative note, the findings of this study support the hypothesis that YAP may act as a tumor suppressor in invasive breast carcinomas. Breast cancers are usually classified either as ER?/PR? or as ER-/PR-. The ER?/PR? tumors have better prognosis both in terms of increased disease-free survival and overall survival, and are usually treated with antihormonal therapies [18] [19] [20] [21] . On the contrary, ER-/PRtumors are aggressive and fail to respond to current therapies. In this study, we wanted to test the association between the expression of YAP with that of ER and PR. We show that YAP negativity is associated with ER and PR negativity. These data suggest that YAP may act be a tumor suppressor protein in invasive breast carcinomas and YAP negativity in conjunctions with ER and PR negativity can be used as a molecular marker for ER-and PRbreast tumors. Since, ER-/PR-tumors are aggressive and are hard to treat with current available therapies, the data suggest that up regulation of YAP expression in ER-and PR-tumors may have therapeutic potential and small molecules that enhance YAP expression in ER-and PRinvasive breast carcinomas can be utilized as a treatment option to reduce malignancies. In summary, the data indicate a reduction or loss of YAP expression in invasive breast carcinomas, in particular in ER-/PR-IC suggesting that YAP may act as a tumor suppressor. Furthermore, it suggests that up regulation of YAP expression in ER-and PR-negative tumors may have therapeutic potential. It also point to the possible use of YAP as a biomarker for breast cancers at different stages or with different genetic abnormalities.
